A Statistical Analysis of Effectiveness of Energy Policy in the United States: Incentives vs. Regulations  by Lee, Seungtaek et al.
 Procedia Engineering  118 ( 2015 )  1282 – 1287 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering and Construction 2015
doi: 10.1016/j.proeng.2015.08.483 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Sustainable Design, Engineering and Construction  
A statistical analysis of effectiveness of energy policy in the United 
States: Incentives vs. regulations 
Seungtaek Leea, Yeowon Kimb, Wai K. Chonga* 
aSchool of Sustainable Engineering and the Built Environment, Arizona State University, Tempe, AZ 85287, United States 
bSchool of Sustainability, Arizona State University, Tempe, AZ 85287, United States 
Abstract 
The increase of greenhouse gas emissions in the atmosphere has affected the global climate. The federal, state and local 
governments are mostly  concerned with the environment, so they have developed and/or implemented environmental policies to 
reduce greenhouse gas emissions in the United States. Increasing renewable energy use and improving energy efficiency are 
some of the strategies for reducing greenhouse gas emissions. Each state has its own set of regulations and incentive policies to 
address energy use and supply, and these are constantly updated to reflect changing conditions. Failed policies are often 
extracted, while successful policies continued (pending availability of funds). Thus, it is necessary to verify which kinds of 
policies are helpful to increase the usage of renewable energy and energy efficiency methods. The main objective of this research 
was to understand how influential different kinds of policies would be in encouraging renewable energy use and improving 
energy efficiency. Based on the analyses, the research team identified the key factors of a successful energy policy. This research 
systematically reviewed environmental policies and investigated their effectiveness. Most importantly, policymakers can utilize 
the factors that influence their energy policies. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction 
Electricity is an essential part of modern society and has become one of the hallmarks of the twentieth century [1].  
For more than a century, the electrical power industry has functioned primarily on a centralized fossil-fuel-based 
system. As a result, in the United States, the electricity sector is a  major contributor to global climate change, 
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accounting for roughly 40% of the nation’s carbon dioxide emissions and 30% of all U.S. greenhouse gas emissions 
[2]. In addition, in 2009,  41% of energy demand in the U.S. was used for electricity generation, while around 28% 
of energy demand was used for transportation (20% industry and 11% residential and commercial) [3].  
Climate change concerns and energy consumption growth are rap idly rising in import ance in the U.S. In response, 
renewable energy resources are options to reduce dependency on the fossil-fuel-based system that emits 96.27% of 
CO2 in the U. S. [4], to decrease greenhouse gas (GHG) emissions, and to provide for social and environmental 
benefits. The U.S. government has made great efforts  to increase the renewable energy supply through various 
policy instruments. The White House and the U.S. policy  makers at  different levels and in various states have 
emphasized the importance of renewable energy by implementing renewable energy policies and investing in the 
development of renewable energy. As a result, renewable energy resources in the U.S. accounted for 11.1% of the 
electricity generation in 2009, and this increased to 13.2% in 2012 (19% g rowth) [5]. Most of the growth in 
renewable energy electricity generation is the result of various Renewable Port folio Standards (RPS ) requirements 
and/or financial incentives provided by different states. In addition, improving energy efficiency and  pro moting  
renewable energy generation are two important subjects of White House energy policies in  response to challenges of 
energy security and climate change. 
Cost–effective energy efficiency programs have been operated by the United States Environmental Protection 
Agency since the late 1980s and have contributed to energy savings in the country. These programs have succeeded 
across many d ifferent contexts: regulated and unregulated markets; utility, state, or th ird -party administration; 
investor-owned, public, and cooperative utilities; and gas and electric utilities. For energy efficiency policy, there are 
also two types of programs . One is market-based incentive policies and another is performance-based regulations. 
While incentives correct market failures that lead to underinvestment in energy efficiency, regulations provide a 
clear outcome for society and an easier monitoring compliance for the government [6].  
There has been an interest in understanding the impact of U.S. energy policy on energy usage a nd practices [5]. 
However, recent research has focused on many of the barriers to changing energy usage and energy practices [7]. 
There has been a lack of systematic research on how various kinds of U.S. energy policies affect the actual energy 
consumption in each state. The purpose of this study is to examine the different types (i.e ., incentives vs. regulations) 
of renewable energy and energy efficiency policies that have been adopted in different states and to identify the 
major factors that affected the effectiveness  of energy policy. 
2. Methodology 
2.1. Data collection 
Renewable and energy efficiency policy data was collected from the Database of State Incentives for Renewables 
and Efficiency (DSIRE) website, which contains the latest intimate policy  data. Data was collected about how many 
renewable and energy efficiency policies each state has, as based on the types of the policy from the DSIRE 
database. For example, according to the DSIRE database, Arizona has five personal tax incentives but does not have 
public benefit funds for renewable energy. Moreover, there are 18 rebate programs and one building energy code for 
energy efficiency in  Arizona. Each of the 50 states and the District  of Columbia (DC) has one to two sets of energy -
related policies — one set is uniquely developed for the state, and the other follows the framework established by 
the federal government. Each state has the right to reject or accept  the federal government’s policies. As a result, it 
can be expected that if a certain state has a significant number o f renewable energy and energy efficiency policies, 
its portion of renewable energy and energy efficiency is higher than other states which have a lower number of 
policies. This is because policies encourage or promote using renewable energy or increasing energy efficiency. As 
a result of the federal government’s policies being equally applied to all states (an assumption), these policies were 
excluded from the analyses. The research team only focuses on the unique sets of policies pertaining to the states. 
When collecting the policy data from the DSIRE database, incentive and regulation policy data were separately 
collected to compare the effects due to incentive and/or regulation. Table 1 shows the detailed categories of the 
policies. Detailed exp lanations of each policy are provided on the DSIRE website (http://www.dsireusa.org/ 
glossary/). 
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The states’ energy-related data were obtained from the US Energy Informat ion Administration (EIA) website, 
which has various kinds of energy information. The energy and renewable energy use data were c ollected to 
calculate the contribution of renewable energy to the overall energy use, which is defined as how much renewable 
energy is consumed compared  to the total energy consumption. If the contribution of renewable energy to total 
energy is 30%, it  means that renewable energy accounts for 30% of the energy share. Thus, the higher the value , the 
more renewable energy is being consumed. The contribution of renewable energy to total energy was calculated 
with the following equation: 
  
 
In order to estimate the states ’ energy efficiency, the amount of total energy use per capita was used because it 
can be said that the lower the energy use per capita, the higher the energy efficiency. The total amount of energy use 
per capita was estimated by the amount of total energy use and population data, and the data were collected from the 
EIA and United States Census websites, respectively. Then, the amount of total energy use per capita was derived by 
dividing the amount of total energy use by the population. 
2.2. Statistical analysis 
In order to exp lore the relationship between the number of policies and the usage of renewable energy and energy 
efficiency, the correlation analysis method was selected, as it can determine how closely related the va riab les are. As 
the variables used in this research are ratio variables, Pearson ’s correlation method was applied using SPSS v.17 
statistical package. Pearson’s correlation method presents a measure for the magnitude and direction based on a 
linear relat ionship, and Pearson’s correlation  coefficient ranges from 1.0 to −1.0, which means that the closer to the 
value 1.0 or −1.0, the more positively or negatively the two variab les are correlated, respectively, while zero  
indicates that there is no linear relationship between the two variables [8]. 
3. Results and discussion 
3.1. Data description 
The results of the descriptive statistics of the data are summarized in Tab le 2, which shows the states ’ mean, 
standard deviation (SD), and min imum (Min) and maximum (Max) number of implemented policies. The results 
show that rebate and loan programs are mostly implemented as incentive policies for renewable energy and energy 
efficiency. In addition, construction and design policies and energy standards for public build ings are main ly used to 
enforce regulation policies on renewable energy and energy efficiency. 
 
Table 2. Descriptive statistics 
Policy Variables Mean SD Min Max 





Personal Tax Incentives 0.824 1.292 0 6 
Corporate Tax Incentives 0.725 1.078 0 5 
Sales Tax Incentives 0.882 1.125 0 4 
Property Tax Incentives  1.549 1.953 0 13 
Rebate Programs  10.529 14.093 0 79 
Grant Programs  0.980 1.691 0 8 
Loan Programs  4.118 2.964 0 11 
Industry Recruitment/ Support 0.608 0.874 0 4 
Bond Programs  0.098 0.300 0 1 
Performance-Based Incentive 1.627 1.442 0 5 
Regulation 
Policy 
Public Benefits Funds 0.451 0.642 0 3 
Portfolio Standards/Set Asides 0.902 0.608 0 3 
Net Metering 1.392 1.041 0 6 
Interconnection Standards 0.882 0.325 0 1 
Equipment Certification Requirements 0.059 0.238 0 1 
Solar/Wind Access Policy 1.235 1.305 0 9 
Construction & Design Policies 2.549 3.926 0 21 





Personal Tax Incentives 0.235 0.551 0 3 
Corporate Tax Incentives 0.157 0.418 0 2 
Sales Tax Incentives 0.176 0.385 0 1 
Property Tax Incentives 0.412 1.268 0 8 
Rebate Programs 22.549 20.284 1 94 
Grant Programs 1.078 1.765 0 8 
Loan Programs 5.314 3.803 0 19 
Bond Programs 0.078 0.271 0 1 
Green Building Incentive 0.431 0.964 0 4 
Regulation 
Policy 
Appliance/Equipment Efficiency Standards 0.216 0.415 0 1 
Energy Standards for Public Buildings 1.765 1.828 0 9 
Building Energy Codes 1.353 1.230 1 8 
Public Benefits Funds 0.412 0.536 0 2 
 
3.2.  Pearson’s correlation results 
Pearson’s correlation method was applied to the contribution of renewable energy to the total energy with the 
policies related to renewable energy first. The results indicated that incentive policies for renewab le energy do not 
correlate to the contribution of renewable energy to total energy, as all policies ’ levels are significantly high. 
Mandatory utility green power option as a regulatory policy for renewable energy was the only significant policy  
correlated to the contribution of renewable energy to total energy. The correlation coefficient was positive, which  
means that the number of mandatory utility green power option regulatory policies is correlated to the proportion 
renewable energy used over the total amount of energy consumed by the state. This can be interpreted as  that the 
greater the number of mandatory policies , the greater the proportion of renewable energy that will likely be 
generated in the state. Table 3 shows the results in detail. 
 
Table 3. Pearson’s correlation coefficient (level of significance) between policy type and contribution of renewable energy to total energy  
Policy Variables Contribution of Renewable 





Personal Tax Incentives 0.157 (0.272) 
Corporate Tax Incentives 0.060 (0.676) 
Sales Tax Incentives -0.082 (0.567) 
Property Tax Incentives  -0.043 (0.762) 
Rebate Programs  0.035 (0.808) 
Grant Programs  -0.014 (0.922) 
Loan Programs  0.116 (0.416) 
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Industry Recruitment/Support 0.033 (0.816) 
Bond Programs  -0.027 (0.849) 
Performance-Based Incentive -0.031 (0.827) 
Regulation 
Policies 
Public Benefits Funds -0.045 (0.754) 
Portfolio Standards/Set Asides -0.031 (0.832) 
Net Metering 0.024 (0.87) 
Interconnection Standards -0.071 (0.618) 
Equipment Certification Requirements -0.049 (0.734) 
Solar/Wind Access Policy 0.115 (0.423) 
Construction & Design Policies -0.037 (0.797) 
Mandatory Utility Green Power Option 0.555 (0.000*) 
              *. Correlation is significant at the 0.01 level 
The correlation method was also applied to the total amount of energy use per cap ita focusing on policies related 
to energy efficiency. The results show that the incentive policies and half of the regulatory policies for energy 
efficiency were not significantly related to total energy use per capita (identified by  the high significance levels). 
However, appliance/equipment efficiency standards and public benefit fund regulation policies were significantly  
correlated to total energy use per capita. These results seem to suggest that the both types of policies are correlated 
to the level of energy use per capita: higher energy efficiency equates negative correlation coefficient. In addition, 
public benefits funds policy which is generally supported through a tiny amount of surcharge on electricity 
consumption and support rebate programs, loan programs, research and development, and energy education 
programs is more influential than appliance/equipment efficiency standards because the absolute correlation 
coefficient is higher. Table 4 fully indicates  the results. 
 
Table 4. Pearson’s correlation coefficient (level of significance) between policy type and energy use per capit a 





Personal Tax Incentives -0.055 (0.700) 
Corporate Tax Incentives -0.041 (0.775) 
Sales Tax Incentives -0.087 (0.543) 
Property Tax Incentives -0.109 (0.445) 
Rebate Programs -0.211 (0.136) 
Grant Programs -0.158 (0.270) 
Loan Programs -0.234 (0.098) 
Bond Programs -0.132 (0.357) 
Green Building Incentive -0.246 (0.082) 
Regulation 
Policies 
Appliance/Equipment Efficiency Standards -0.376 (0.007*) 
Energy Standards for Public Buildings -0.251 (0.076) 
Building Energy Codes -0.044 (0.761) 
Public Benefits Funds -0.423 (0.002*) 
                  *. Correlation is significant at the 0.01 level 
4. Conclusion and future studies 
This research attempts to understand the relationship between energy-related policies and their impacts on 
renewable energy and energy efficiency. The Pearson ’s correlation method was applied, and several significant 
relationships were derived. 
According to the results, incentive policies  seem to be less effective than regulatory policies. Prior research 
suggested that the incentive level was not adequately high to attract users to the policies [9]). Incentive policies are 
also voluntary; thus, the level of awareness about them and the urge to  use them tend to be lower. Thus, the number 
of incentive policies does not have a similar effect to regulatory  policies on the use of renewable energy and energy 
efficiency. In contrast, the compulsory regulation policies fo rce industries and users to  comply  and are usually  
enforced through the industry’s professionals. 
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Instead of focusing on the less effective incentive policies, mandatory policies would  be more effective. Prev ious 
research confirmed that the mandatory utility green power option regulation in fluences effectively installed 
renewable capacity for all ut ilities [10]. Additionally, appliance/equipment efficiency standards and public benefit  
fund regulations for energy efficiency policies are also recommended. These policies have significan t relationships 
with energy efficiency. Moreover, when making energy efficiency policy, public benefit  fund policy should be 
considered first because the policy has more influence than appliance/equipment efficiency standards. It can be 
expected that with the implementation of these policies  the contribution of renewable energy to total energy will 
increase and the total energy use per capita will also decrease with the increasing energy efficiency. 
For future work, the research team will b reak down the policies further to investigate the following: 1. What 
factors cause the policy to succeed or fail? 2. Who champions the policies? 3. Does the involvement of an industry 
professional or expert matter? 4. Does involving an industry help? Th is further research will aid  policy  makers in  
making practical energy policies. 
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